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THE INFLUENCE OF PHOSPHATES ON THE ACTION OF 
ALPHA-CROTONIC ACID ON PLANTS 

J. J. Skinner and F. R. Reid 

Introduction 

The physiological effects of a-cro tonic acid on plants and the action of 
nutrient salts in counteracting these effects have been studied in this labora- 
tory, and are reported in this paper. The investigation comprised a study 
of the effects of the compound on plants grown in pure distilled water and 
in nutrient solutions composed of phosphate salts together with sodium 
nitrate and potassium sulphate. Some preliminary tests of the compound 
were made in soil in pots, but this phase of the subject was not gone into 
exhaustively and the results will not be given here. 

a-Crotonic acid was isolated in this laboratory, 1 first from a sample of 
Susquehanna fine sandy loam soil from Texas. The soil was taken from an 
infertile spot in a field near Marshall, Texas. The infertile spots, which 
were devoid of all vegetation, had been observed for several years in this 
locality; the areas of these spots were gradually increasing. 

The soil in this district is described as a fine sandy loam, from 8 to 18 
inches deep, with an average depth of about 14 inches. 2 The sub-soil is a 
stiff clay of a red color or red mottled with yellow and gradually extending 
to a depth of several feet. The drainage is very poor because of the im- 
pervious nature of the sub-soil. The soil is deficient in lime or other basic 
material and is very poorly drained. It has been found to have a high re- 
ducing power and a low oxidizing power. The conditions for the accumu- 
lation of organic acids seem favorable. 

CH 3 .CH 

a-Crotonic acid 1 1 is produced from allyl cyanide, which 

HC.COOH 

is a constituent of mustard oil, and it has been isolated from pyroligneous 
acid obtained by the dry distillation of wood. 3 

Crotonic acid is shown to be very harmful to plants in pure water and 
in nutrient culture solutions. With distilled water the compound in con- 
centrations as high as 200 parts per million killed wheat plants; in concen- 

1 Walters, E. H., and Wise, L. E. a-Crotonic acid, a soil constituent. Journ. Agr. 
Research 6: 1043. 191 6. 

2 Van Duyne, C, and Byers, W. C. Soil survey of Harrison County, Texas, U. S. 
Dept. of Agr. Bur. Soils. Field Operations, 1912, p. 47. 

3 Kramer, G., and Grodzki, M. Uber die Sauren des Holzessigs und den Zusammen- 
hang derselben mit den sogenannten Holzolen. Ber. Deut. Chem. Ges. 11: 1356-1362. 
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trations of 10 parts per million growth of tops was reduced 10 percent, but 
the roots were not affected; in 25 parts per million growth was materially 
reduced, green weight of tops was reduced 27 percent, while the growth of 
roots was checked; in concentrations of 100 parts per million growth was 
reduced 33 percent. The roots of the plants in this concentration made only 




Fig. 1. Effect of a-crotonic acid on cowpeas and wheat. 

(1) Distilled water, (2) a-crotonic acid 10 parts per million, (3) 25 parts per million, 
(4) 50 parts per million, (5) 100 parts per million, (6) 200 parts per million, (7) 500 parts 
per million. 

a small growth; they were short and stunted. The harmfulness was still 
very marked in these high concentrations when calcium carbonate was added 
to the solutions. In weaker concentrations the effects were not so severe 
in the presence of lime. 

In figure 1 is shown the effect of various concentrations of the crotonic 
acid on wheat and cowpea plants grown in distilled water. The striking 
effect of the organic acid is here apparent. 

Nutrient Culture Solutions 

An extensive study was made, growing wheat plants in nutrient solutions 
of calcium acid phosphate, sodium nitrate, and potassium sulphate, without 
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and with crotonic acid. The familiar triangle system which has been used 
widely in a study of nutrient solutions and organic compounds was used in 
these experiments. 4 The essential constituents, P2O5, NH 3 , and K 2 0, of 
the three salts are present to the extent of 80 parts per million, but the 
composition varies. The details of the system, which are familiar to scien- 
tific investigators, are given in the publications cited, and only the general 
features of the triangle will be explained here. 

P2O5 

1 



37/ 



K 2 



NH 3 



Fig. 2. Triangular diagram, with the points representing the 66 culture solutions 
numbered. 

The triangular diagram shown in figure 2 is used as a guide. In this 
diagram the apices of the triangle, numbers 1, 56, and 66, are the cultures 
which contain only the single salts, calcium acid phosphate, sodium nitrate, 
and potassium sulphate respectively, each containing 80 parts per million 

4 Schreiner, O., and Skinner, J. J. Some effects of a harmful organic soil constituent. 
U. S. Dept. Agr. Bur. Soils. Bull. 70, 1910. Ratio of phosphate, nitrate and potassium on 
absorption and growth. Bot. Gaz. 50: 1. 1910. 

The triangle system for fertilizer experiments. Journ. Amer. Soc. Agron. 10: 225. 
1918. 
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of P 2 5 , NH 3 , or K 2 respectively. The line of cultures from I to 66 
contains mixtures of P2O5 and NH 3 in 10 percent differences; the line of 
cultures from 1 to 56 contains mixtures of P2O5 and K 2 in 10 percent 
differences ; the line of cultures from 56 to 66 contains mixtures of K 2 and 
NH 3 . The cultures in the interior of the triangle contain mixtures of all 
three constituents, differing in 10 percent stages one from the other, the 
composition depending upon its position in the triangle; those nearer the 
P2O5 apex consisting chiefly of phosphate salt, those nearer the NH 3 apex 
chiefly of nitrate salt, and those nearer the K 2 apex chiefly of potash salt. 
For a more detailed explanation of the scheme and principles involved, 
the reader is referred to the earlier papers. 

In table 1 is given the composition of the solution represented by each 
of the 66 points in the diagram. 



Table i 

The composition of the sixty-six nutrient solutions, the constituents P2O5, NH 3 , and K2O 

varying in 10 percent stages 



Point 


P. p.m. Present in Solution 


Point 

No. 


P. p.m. Present in 


Solution 


Point 

No. 


P.p.m. Present in 


Solution 


No. 


P 2 5 


NH 3 


K 2 


Pz0 5 


NH 3 


K a O 


P 2 6 


NH 3 


K 2 


I 


80 








23 


32 


8 


40 


45 


16 


64 





2 


72 





8 


24 


32 


16 


32 


46 


8 





72 


3 


72 


8 





25 


32 


24 


24 


47 


8 


8 


64 


4 


64 





16 


26 


32 


32 


16 


48 


8 


16 


56 


5 


64 


8 


8 


27 


32 


40 


8 


49 


8 


24 


48 


6 


64 


16 





28 


32 


48 





50 


8 


32 


40 


7 


56 





24 


29 


24 





56 


5i 


8 


40 


32 


8 


56 


8 


16 


30 


24 


8 


48 


52 


8 


48 


24 


9 


56 


16 


8 


31 


24 


16 


40 


53 


8 


56 


16 


10 


56 


24 





32 


24 


24 


32 


54 


8 


64 


8 


n 


48 





32 


33 


24 


32 


24 


55 


8 


72 





12 


48 


8 


24 


34 


24 


40 


16 


56 








80 


13 


48 


16 


16 


35 


24 


48 


8 


57 





8 


72 


14 


48 


24 


8 


36 


24 


56 





58 





16 


64 


15 


48 


32 





37 


16 





64 


59 





24 


56 


16 


40 





40 


38 


16 


8 


56 


60 





32 


48 


17 


40 


8 


32 


39 


16 


16 


48 


61 





40 


40 


18 


40 


16 


24 


40 


16 


24 


40 


62 





48 


32 


19 


40 


24 


16 


4i 


16 


32 


32 


63 





56 


24 


20 


40 


32 


8 


42 


16 


40 


24 


64 





64 


16 


21 


40 


40 





43 


16 


48 


16 


65 





72 


8 


22 


32 





48 


44 


16 


56 


8 


66 





80 






Two sets of these 66 solutions were prepared, one set containing the 
cro tonic acid. The culture solutions were contained in wide-mouth 
bottles and 10 wheat plants were grown in each culture after the manner 
described in the papers cited. The solutions were changed every three 
days, four such changes being made in each experiment and analyzed imme- 
diately after each change for nitrates, but the phosphates and potash were 
determined on a composite of the four changes. The green weight of the 
plants was determined at the termination of the experiment. 
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In the first experiment using the two triangle sets of solutions, crotonic 
acid was added to one set in amounts of 50 parts per million, the other being 
used as a control or check set. The experiment ran from December 6 to 



Q7<£ *** 




Fig. 3. Green weight in grams of wheat plants in nutrient solutions containing varying 
ratios of phosphate, nitrate, and potash, the source of P2O5 being calcium acid phosphate. 
(1) Without crotonic acid, and (2) with 50 p.p.m. crotonic acid. 

December 18, 19 16. The green weight for each culture is given in the two 
charts in figure 3. The crotonic acid reduced growth very much as shown 
by. comparing the green weight figures. The roots of the plants grown in 
crotonic acid solutions were also severely retarded in their development. 
The green weight of the 66 cultures in the normal set was 143.6 grams, and 
that of the crotonic acid set 69.16 grams. The effect of the crotonic acid 
was to depress the green weight 52 percent. 

The crotonic acid had a more severe effect in some of the solutions than 

Table 2 

Showing the influence of phosphate in overcoming the harmful effect of a-crotonic acid. 

Green weight of wheat plants in nutrient solutions composed of CaH^PO^, NaNOs, 

and K2SO4. Cultures arranged according to content of P2O5. 





Parts per Million of 
P2O5 in Nutrient 


Average Green Weight of Culture 


Percentage Decrease 


Culture No. (See 
Fig 2) 


Without Crotonic 


With 50 P.p.m. 


Due to Crotonic 






Acid 


Crotonic Acid 








grams 


grams 




I 


80 


1. 00 


.70 


30 


2-3 


72 


1-35 


.78 


42 


4-6 


64 


1.60 


.77 


51 


7-IO 


56 


1.74 


.80 


53 


11-15 


48 


1.88 


•99 


47 


I6-2I 


40 


2.02 


I. II 


45 


22-28 


32 


273 


1.06 


55 


29-36 


24 


2.46 


1.05 


57 


37-45 


16 


2.41 


1.07 


56 


46-55 


8 


2.50 


1. 15 


54 


56-66 





2.20 


1.03 


55 
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in others. The growth is more nearly normal in the solutions high in 
phosphate, but is much depressed in the solutions in the lower part of the 
triangle, that is, in those low in phosphate. 

In table 2 are given the green weights of the various series of cultures 
containing the same amount of phosphate, that is, the series along any one 
of the horizontal lines in figure 2. 

The last column of the table gives the percentage decrease caused by 
the crotonic acid. In those cultures which contained 8o parts per million 
P2O5, growth was reduced 30 percent, and in the cultures containing 72 
parts per million P2O5, 42 percent, while in the cultures containing 32 parts 
per million of P2O5 and less, growth was reduced as much as 55 percent. 




Fig. 4. Green weight in grams of wheat plants in nutrient solutions containing varying 
ratios of phosphate, nitrate, and potash, the source of P2O5 being calcium acid phosphate. 
(1) Without crotonic acid, and (2) with 25 p.p.m. crotonic acid. 

In another experiment similar to the one just described, the crotonic 
acid was used in amounts of 25 parts per million. In all other details the 
two experiments were similar. This was conducted February 14-26, 191 7. 
The green weights of the two sets of plants are given in the charts in figure 4. 
There is a difference in growth of 35 percent. The crotonic acid was mark- 
edly harmful in the nutrient solutions even with this concentration. 

By an examination of table 3, where the cultures are arranged according 
to their P 2 5 content, it is again seen that calcium acid phosphate was very 
effective in overcoming the crotonic acid. 

The lessened toxicity of crotonic acid in solutions high in phosphate is 
also shown when the results of the experiment are grouped in such a way as 
to obtain all cultures containing 50 percent and over of any one of the three 
constituents P 2 5 , NH 3 , and K 2 0. This is accomplished by taking the 
cultures contained in the smaller triangle formed at each angle of the larger 
one shown in figure 2, that is, the cultures contained within the triangles: 
1-16-21; 21-61-66; and 16-56-61 respectively. 
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Table 3 

Showing the influence of phosphate in overcoming the harmful effect of a-crotonic acid. 

Green weight of wheat plants in nutrient solutions composed of CaH4 (PO^, 

NaN0 3 , and K2SO4. Cultures arranged according to content of P2O6. 





Parts per Million of 


Average Green Weight of Culture 




Culture No. 






Percentage Decrease 


(See Fig. 2) 


Solution 


Without Crotonic 
Acid 


With 25 P.p.m. 
Crotonic Acid 


Due to Crotonic Acid 






grams 


grams 




* 


80 


1. 10 


1. 00 


9 


2- 3 


72 


1.75 


1.32 


25 


4-6 


64 


1.96 


1.61 


18 


7-10 


56 


2.18 


1-73 


20 


n-15 


48 


2.46 


1-55 


25 


16-21 


40 


2.61 


1.87 


28 


22-28 


32 


3-20 


1.91 


40 


29-36 


24 


2.68 


2.02 


26 


37-45 


16 


3.10 


1.91 


40 


4^-55 


8 


2.99 


1.88 


38 


56-66 





2.66 


1-77 


34 



There is a reduction in growth of only 22 percent by the crotonic acid 
in the phosphate end of the triangle, a reduction of 30 percent in the nitrate 
end of the triangle, and a reduction of 39 percent in the potash end of the 
tirangle. 




Fig. 5. Wheat plants in triangle sets of nutrient salts. (1) With 25 p.p.m. a-crotonic 
acid, (2) without a-crotonic acid. 

The two sets of cultures are shown in figure 5, the crotonic acid set on 
the left and the normal set, containing nutrient salts only, on the right. 

Several other experiments were planned so as to determine whether 
calcium or phosphate, or the salt as a whole, produced the antitoxic effect 
on the crotonic acid. These experiments were made by using sodium salts 
instead of calcium, and employing all three sodium salts of phosphoric acid, 
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viz., the mono-sodium phosphate (NaH 2 P0 4 ) which like calcium acid phos- 
phate is acid in reaction, the di-sodium phosphate (Na2HP0 4 ) which is 
neutral; and the tri-sodium phosphate (Na 3 P0 4 ) which is alkaline in reac- 
tion. In all other respects the culture solutions were the same in concen- 
tration and in composition as in the first experiment described where calcium 
acid phosphate was used as the source of phosphate. In each of the three 
following experiments, one of the sodium phosphate salts was substituted for 
the calcium phosphate. 

Effect of Mono-sodium Phosphate 
The green weight of the wheat plants in the two sets of nutrient cultures 
are given in the two charts of figure 6. In both of these triangle sets, 
mono-sodium phosphate (NaH 2 P0 4 ) was used as the phosphate salt, while 
the nitrate and potash salts were the same as in the former experiment. 
The crotonic acid was used in a concentration of 25 parts per million. The 
plants as before grew for 12 days; the solutions were changed three times. 




Fig. 6. Green weight in grams of wheat plants in nutrient solutions containing varying 
ratios of phosphate, nitrate, and potash, the source of P2O5 being mono-sodium phosphate. 
(1) Without crotonic acid, and (2) with 25 p.p.m. crotonic acid. 

The harmfulness of the crotonic acid is again demonstrated in this 
experiment. Its relative toxicity in solutions of different composition is 
again shown to vary. It was again least harmful in the solutions containing 
the higher amounts of P2O5. This is shown by examining table 4. 

In general the mono-sodium phosphate had somewhat the same effect 
as the mono-calcium phosphate; the higher the amount of phosphate in the 
culture solution the slighter the toxicity of the organic acid. 

When the cultures are grouped, so as to bring together all those in the 
phosphate end of the triangle, and all those in the nitrogen end, and all 
those in the potash end, so as to compare each group of cultures in the 
normal triangle with the similar group in the crotonic acid triangle, it also 
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becomes apparent that the phosphate has lessened the toxicity of the com- 
pound. In the 21 mainly phosphatic cultures growth was reduced 26 per- 
cent, in the 21 mainly nitrogenous, 28 percent, and in the 21 mainly potassic, 
30 percent. 

Table 4 

Showing the influence of phosphate in overcoming the harmful effect of a-crotonic acid. 

Green weight of wheat plants in nutrient solutions composed of NaH2P04, 

NaN0 3 , and K2SO4. Cultures arranged according to content of P2O5 





Parts per Million of 


Average Green Weight of Culture 


Percentage Decrease 


Culture No. 
(See Fig. 2) 


P2O5 in Nutrient 
Solution 


Without Crotonic 
Acid 


With 25 P. p.m. 
Crotonic Acid 


Due to Crotonic 
Acid 






grams 


grams 




I 


80 


1.47 


1.22 


17 


2- 3 


72 


1.86 


1-39 


25 


4- 6 


64 


2.31 


1.74 


25 


7-10 


56 


2.38 


1.82 


24 


n-15 


48 


2.47 


1.79 


27 


16-21 


40 


2.64 


1.92 


27 


22-28 


32 


2.81 


2.01 


28 


29-36 


24 


2.93 


2.18 


26 


37-45 


16 


3.07 


2.29 


25 


46-55 


8 


3.22 


2.29 


29 


56-66 





2.93 


1 .91 


35 



The results with the mono-sodium phosphate are therefore similar to 
those with the monocalcium phosphate. This experiment seems to show 
that the calcium in the phosphate salt played no significant part in the 
observed action, since the same general action is produced by the mono- 
sodium phosphate. 

Effect of Di-sodium Phosphate 

In the experiment using di-sodium phosphate (Na 2 HP0 4 ) the wheat 
seedlings grew from May 2 to May 14, 191 7. The green weight results for 



^a 




Fig. 7. Green weight in grams of wheat plants in nutrient solutions containing varying 
ratios of phosphate, nitrate, and potash, the source of P2O6 being di-sodium phosphate. 
(1) Without crotonic acid, and (2) with 25 p.p.m. crotonic acid. 
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each are given in the two charts of figure 7. In table 5 are given the average 
weights of the cultures arranged according to their P 2 5 content. It will 
be observed that this neutral phosphate salt had a similar action in amelior- 
ating the effects of the crotonic acid to that of the two acid phosphate salts 
used in the former experiments. 

Table 5 

Showing the influence of phosphate in overcoming the harmful effects of a-crotonic acid. 

Green weights of wheat plants in nutrient solutions composed of Na 2 HPC>4, 

NaN0 3 , and K2SO4. Cultures arranged according to content of P2O5. 





Parts per Million of 
P2O5 in Nutrient 


Average Green Weight of Culture 


Percentage Decrease 


Culture No. 






or Increase in Cro- 


(See Fig. 2) 


Solution 


Without Crotonic 
Acid 


With 25 P.p.m. 
Crotonic Acid 


tonic Acid Culture 






grams 


grams 




I 


80 


1.62 


1.57 


- 4 


2- 3 


72 


2.06 


2.05 





4-6 


64 


2.66 


2.57 


- 3 


7-10 


56 


2.82 


2.58 


- 8 


n-15 


48 


3.13 


2.84 


— 10 


16-21 


40 


2.89 


2.98 


+ 3 


22-28 


32 


2.79 


3.07 


+ 10 


29-36 


24 


3.24 


2.87 


— 12 


37-45 


16 


3.31 


2.86 


-14 


46-55 


8 


3.28 


2.27 


-30 


56-66 





306 


1.58 


-49 



In the group of cultures containing no phosphate there was a reduction 
of 49 percent in growth due to the compound while there was scarcely any 
reduction in the cultures containing a large percentage of this element. 

This point is again brought out when the cultures of the two triangles 
are arranged in groups, composed of the mainly phosphatic solutions, sub- 




Fig. 8. Showing the effect of di-basic sodium phosphate in overcoming the harmfulness 
of a-crotonic acid. Bottles marked A contain 25 p.p.m. a-crotonic acid. 

Nos. 1 and iA contain no P2O5, 40 p.p.m. NH 3 , and 40 p.p.m. K2O; 
Nos. 2 and 2A, 8 p.p.m. P2O5, 40 p.p.m. NH3, and 32 p.p.m. K2O; 

P2O5, 32 p.p.m. NH 3 , and 24 p.p.m. K 2 0; 

P2O5, 24 p.p.m. NH 3 , and 16 p.p.m. K 2 0; 

P2O5, 16 p.p.m. NH 3 , and 8 p.p.m. K 2 0; 

P2O5, 8 p.p.m. NH 3 , and no K 2 0; 



Nos. 3 and 3A, 24 p.p.m. 
Nos. 4 and 4A, 40 p.p.m. 
Nos. 5 and 5A, 56 p.p.m. 
Nos. 6 and 6A, 72 p.p.m. 
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triangle 1-16-21, figure 2; the mainly nitrogenous, subtriangle 21-61-66, 
and the mainly potassic solutions, subtriangle 56-16-61. In the 21 cultures 
high in phosphate growth was reduced by the crotonic acid 5 percent, in 
the mainly nitrogenous cultures growth was reduced 25 percent, and in the 
mainly potassic, 28 percent. 

Twelve of the cultures from these two sets are shown in figure 8; cultures 
1 and iA contain nitrogen and potash but no phosphate. The cultures 
marked "A" contain 25 parts per million of crotonic acid. Here it is seen 
that the crotonic acid has reduced growth considerably. This is also true 
in cultures 2 and 2A, which contain only 8 parts per million of P2O5. In 
cultures 3 and 3A, which contain 24 parts per million P2O5, growth is re- 
duced only slightly, the roots being checked more than the tops. In the 
other three sets of cultures, nos. 4, 5, and 6, growth of both tops and roots 
is about as good in the crotonic acid as in the normal solution. Culture 4 
contains 40 parts per million P2O5; culture 5, 56, and culture 6, 72 parts 
per million P2O5. 

Effect of Tri-sodium Phosphate 

In the entire set of cultures in which the tri-sodium phosphate (Na 3 P0 4 ) 
was used with sodium nitrate and potassium sulphate, the harmfulness of 
the crotonic acid was relatively less than in the former experiments. How- 




Fig. 9. Green weight in grams of wheat plants in nutrient solutions containing varying 
ratios of phosphate, nitrate, and potash, the source of P2O5 being tri-sodium phosphate. 
(1) Without crotonic acid, and (2) with 25 p. p.m. crotonic acid. 



ever, it is seen by examining the charts of figure 9 and table 6 that in the 
solutions which contained none or only a small amount of phosphate, the 
crotonic acid had much more effect than in solutions containing a higher 
amount of this element. In fact, where as much as 64 parts per million of 
phosphate were used growth was larger in the cultures containing crotonic 
acid. The effect of the organic acid was more severe in the line of cultures 
containing no phosphate. 
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Table 6 

Showing the influence of the phosphate in overcoming the harmful effect of a-crotonic acid. 

Green weight of wheat plants in nutrient solutions, composed of Na3P04, 

NaN03, and K2SO4. Cultures arranged according to content of P2O5. 





Parts per Million P2O5 


Average Green Weight of Culture 


Percentage Increase 


Cultures No. 






or Decrease in 


(See Fig 2) 


in Nutrient Solution 


Without Crotonic 
Acid 


With 25 P. p.m. 
Crotonic Acid 


Crotonic Acid 






grams 


grams 




I 


80 


1.96 


2.18 


+ 11 


2- 3 


72 


2.58 


3.04 


+ 18 


4-6 


64 


2-99 


3.29 


+ 11 


7-10 


56 


3-37 


3.09 


- 9 


11-15 


48 


379 


3.50 


- 8 


16-21 


40 


3.57 


3.50 


— 2 


22-28 


32 


4.06 


3.69 


~ 3 


29-36 


24 


4.10 


3.8o 


~ 7 


37-45 


16 


4.31 


4.15 


- 4 


46-55 


8 


4.29 


3.93 


- 9 


56-66 





3.87 


3-34 


— 10 



When the cultures are grouped, as discussed in the former set, the 21 
mainly phosphate cultures were reduced in growth only 2 percent by the 
crotonic acid, the 21 mainly nitrogenous were reduced in growth 8 percent, 
and the mainly potassic cultures were reduced 6 percent. 

Discussion 
The data presented in connection with the foregoing experiments are 
interesting in that they again show that the physiological effect of organic 
compounds on plant development and growth are altered by inorganic 
salts. The study of crotonic acid adds knowledge of another organic 
compound to the list of those which have been studied in this laboratory. 
Its behavior in regard to the action of phosphates is somewhat like that of 
cumarin, 6 and of certain of the aldehydes. 7 Cumarin is harmful to plants, 
having a characteristic effect, producing stunted tops and distorted leaves. 
Like crotonic acid these effects are overcome or greatly lessened by phos- 
phates. The harmful effect of salicylic and certain of the other aldehydes is 
also influenced by phosphates. In soil this compound is oxidized or other- 
wise destroyed by phosphate fertilization. It is also interesting to note 
that the harmful effects of other compounds are influenced by nitrogen, and 
those of still others by potash. 6 

5 Schreiner O., and Skinner J. J. Nitrogenous soil constituents and their bearing on 
soil fertility/ U. S. Dept. Agr. Bur. Soils, Bull. 87. 1912. 

6 Schreiner, O., and Skinner, J. J. The toxic action of organic compounds as modified 
by fertilizer salts. Bot. Gaz. 54: 31. 1912. Skinner J. J. Influence of phosphates on 
the toxic action of cumarin. Bot. Gaz. 54: 245. 1912. 

7 Schreiner, O., and Skinner, J.J. Harmful effects of aldehydes in soils. U. S. Dept. 
Agr. Bull. 108. 1914. Skinner, J. J. Field test with a toxic soil constituent: Vanillin. 
U. S. Dept. Agr. Bull. 164. 191 5. Skinner, J. J. Soil aldehydes. A scientific study of 
a new class of soil constituents unfavorable to crops, their occurrence, properties and 
eWmination in practical agriculture. Journ. Franklin Inst. 186: 165. 1918. 
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In regard to the exact mechanism of the chemical or physiological 
character of the interactions between crotonic acid and the nutrient salts, 
nothing definite can be said. The work thus far shows unquestionably 
that phosphates have an effect on the behavior of the crotonic acid towards 
plants; the data as a whole point to the conclusion that the antitoxic action 
of phosphate salts on crotonic acid is due mainly to the phosphate radical, 
either without or within the plant. It is also evident that the crotonic 
acid is less harmful in solutions of an alkaline character. The four experi- 
ments in which the crotonic acid was used in concentration of 25 parts 
per million were not all conducted at the same time. Each set of solutions 
containing crotonic acid is comparable only with the normal set which was 
run simultaneously. In the set of solutions in which calcium acid phosphate 
was used, the 66 cultures containing the crotonic ac*d produced 35 percent 
less growth than the 66 corresponding cultures without the organic acid. 
A reduction of 28 percent in growth is noted between the 66 normal and the 
crotonic acid cultures where the mono-sodium phosphate was used, 18 percent 
between the two sets of 66 cultures where the neutral di-sodium phosphate 
was used, and a reduction of only 7 percent in the two sets of 66 cultures 
where the alkaline tri-sodium phosphate was used. In each case, however, 
the crotonic acid was more harmful in the solutions where the phosphate was 
absent or low; the toxicity decreased as the phosphate content increased. 
This was the case whether the phosphate was in the form of the calcium or 
sodium salt, or whether it was an acid, neutral, or alkaline salt. 

The metabolism of the plant as affected by the crotonic acid was studied 
by analyzing the solutions so as to determine the amount of P2O5, N0 3 , 
and K 2 absorbed. In each of the experiments the plants in the crotonic 
acid solutions absorbed less P2O5, NO3 and K 2 than did those in the corre- 
sponding culture containing no crotonic acid. The decreased absorption 
of each constituent was approximately the same. There seemed to be no 
interference with the absorption of any particular constituent more than 
with that of another. 

In the earlier work with cumarin, salicylic aldehyde, vanillin, and qui- 
none, the absorption of phosphate from solutions containing cumarin or 
salicylic aldehyde was more normal than that of nitrates or potash; the 
absorption of nitrates from cultures containing vanillin or dihydroxystearic 
acid was more normal than was the absorption of phosphates or potassium ; 
and the absorption of potassium from cultures containing quinone was 
more normal than was the absorption of nitrates or phosphates. It is 
apparent that such compounds show markedly different physiological prop- 
erties and are very differently influenced by inorganic salts. Whether this 
physiological antagonistic action of phosphates towards crotonic acid is a 
direct action of the salt on the organic compound or whether it acts through 
the medium of the plant cell cannot be definitely stated. 
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Summary 

Alpha-cro tonic acid in amounts of 25 and 50 parts per million was found 
to be very harmful to wheat plants grown in nutrient culture solutions. 
The solutions were composed of calcium acid phosphate, sodium nitrate, 
and potassium sulphate, and were prepared according to the triangular 
system. Growth was reduced about 50 percent when the cro tonic acid was 
used in amounts of 50 parts per million and 35 percent in concentration of 
25 parts per million. 

Phosphates had an ameliorating effect on the harmfulness of crotonic 
acid. Where large amounts of P2O5 were present in the nutrient solution, 
the effect of the crotonic acid was milder than in those solutions which 
contained a smaller amount of P2O5. The toxic action of the organic com- 
pound in nutrient solutions decreased as the content of P2O5 increased. 
Experiments using NaH 2 P0 4 , Na 2 HP0 4 , and Na 3 P0 4 in the place of CaH 4 
(P0 4 )2, showed that each of these phosphate salts, regardless of the basic 
or acidic character of the salt, had an action antagonistic to the harmfulness 
of alpha-cro tonic acid, which seems to show that the antagonistic action of 
the phosphate salts toward crotonic acid is due to the phosphate radical. 
It is also shown that the effect of crotonic acid is less severe in solutions 
containing alkaline salts. 
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